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ABSTRACT

10049

The object of this report is to present the technical status of
the cycle-1ife tests, initiated under Contract NAS 5-1048, on nine (9)
.cell groups of spacecraft-type nickel-cadmium cells. The report in-
cludes a summary of results obtained in the cycle-life tests subsequent
to cycles completed and data reported in the last Technical Report of
Contract NAS 5-1048. The nine (9) cell groups include five (5) groups
of cylindrical cells rateda at 3.5 ampere-hours from two (2) manufacturers
and four (4) groups of rectangular cells rated at 6.0 ampere-hours from
another manufacturer.. Three  (3) groups of cells (one from each manu-
facturer) are being cycled .at a temperature of -10°C, one group of the
rectangular cells is being cycled at 56°C and the remaining groups are
being cyvcled at 25°C. One group of the cylindrical cells cycling with
a 25% depth of discharge at 25°C failed at 12,592 life cycles during
this report period. The remaining groups have completed approximately
13,500 life-cycles, The life-cycling is continuous with 60~minute charge
periods and 40-minute discharge periodse.
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I. INTRODUCTION

The scope ot this report covers the continuation of the cycle-
life testr, initiated-under Contract NAS 5-1048, on nine (9) cell
groups of spacecraft-type nickel-cadmium cells. One-third of the
;riginal cells in the program of Contract NAS 5-1048 had failed.at
the completion of approximately 8000 cycles due tn the mechanical
design and other pro!lems not definable as electrochemical in natu?e.
Cycle-1life tests are continued under Contract NAS 5-9073 in ordgr

. to evaluate the cycling perfor@ance capabilities of th;sé cells
over extended lengths of time under éifferent environmental_ condi-
" tionms. :

The celis operating in the cyc1e~iife tests consist of sealed
nickel-cadmiun cells from three (3) wmanufacturers. Included are
cylindrical 5.5'A§.éize cells manufa;fureé by Gould-National Bat-
té?ies, Inc. and Sonotome Corp., ;nd rectangular 6 Al size cﬁllu

. mahufaciufed by éultqp Industries, Inc. Prior to the cycle-life
tests the cells were suﬁjected_to a series of imitial testa in-
cluding visual and mechanical capaclty, electrical Ieakagg, over-
charge, internal resistance, electrolyte-laakage, vibration, shock
and acceleration tests. A description of -the. cella, procedures

and reaults of the initial tests, and tesulto for the fitlt 8000

Iife-cyclea were reported in the final Technical Report under COB--

- tract NAS 5-“1048.- For teference putposu ’ a britf :mry of theu :

v

1previously repqrteddresults ara—ineluﬂed-in Tables. 1, ;;aad_S.-

and post Iailure tests completnd during tht rqport perioq cr.<dlt- ‘

Jcnnaed in the fatdowing ;ectien.

Aol - J:;n o ?,_,%‘ >
Lw\-¢ : . - ' v k&
,ﬁvn W(v.,'nu‘mmwiaw@

Additionai ciéle«iifeltelt_reéultsfqp'to apﬁéoxiuifétg‘IS,Soo cyhleiﬁi: .



DISCUSSION

A. Cycle-Life Tests (General)

The cycle-1life tests employ 100-minute repetitive charge-
discharge cyéles cdnsisging of 60-minute charge periods and 40-
minute discharge periods. The cyc1e~life4te3ts of tﬂe nine (9)
cell groups still operating at the b;ginning of the report-period
Qere performed at three (3) ambient temperatures and two (2) depths
of discharge.” The cell groups on which the cycle-life tests wefe

continued are identified as follows:

Mfr. & Group Depth of Discharge and Temp.

Gould-National - Group A 10% and -10°C

Gould-National - Group B 10% and 25°C

Gulton - Group A 10% and -10°"

Gulton - Grouj B 10Z and 25°C

Gulton - Group € ) _ ) 10% and 50°C

Gultcn - Group D . 25% and 25°C .

Sonptone - Group A 10% end -10°C )
" Sonotone - Group B B 10% and 25°C . N
Sonotone -~ Group D ' 25% and 25°C - .

The percégt depth of &1scharge for the cycle-life tests was
based upon the nominal rated capacity and the discharges were
_ accomplished at cohstgnt curreni rates. "The percent of ampere-

hours replaced during éhe 60-ninute ;harge peribd_was different fof:

each,téﬁperature environment, but was the same éercentagg.fo: cells

of dlfferent.manafactprérs aéd depths of discharge at ény one

)

temperature environment. 5Thé,cop$taét gurrent charging rates were
"sef to replace 1151 of- the d{schiiged gmbere4hOQ§s at -1p'¢,‘1251
of;tﬁe diechargéd_aﬁpér¢¥h§9t5 at 25°C, and 150% of thé re;bvkg

. _ampere-hours at 50°C. Thi célls re;g§35§'these re~charge ;k;cdnt€'

- S T e T v T 7 - :
ages nmies:"dpt§ﬁg:gha§;i 8 cell group yoltage resched the limiting ..
oo ..\- - -ﬁ.. t : T T - . .

. .. . A . ~ - . T,
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b3 AR Y £ T .. > )
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voltage established for that group., In this case, the charge
equipient automatically switched to a constant voltage mode of
charging at the ~stablished limiting voltage value, %he cells in
a cycle-life test group consisted of suries-connected cells of the
same manufacturer dnd the limiting voltage was controlied across
the series-connectsd group. .

Unless othe'wis. specified, cycle-life tests were continued
uninterrupted until one-half of the original cells in the group
failed. A ccll was consicered to have failed when its termiral

 voltage fell below 0.9 volt during the 40-minute discharge period
anﬁ_cunsistentiy erhibited low discharge voltages on a number of
subsequent cycles.

In general, the additiopal cell failures which occurre# dur-.
ing the re,ort period rgfulfcd from mechanical deéign or manu-
facturing defects in the cells rather than from fhe'?end-of—life”
or "wearout" of a basic part of the electrochemical system. The
failures wcre the result of pnor glasé—to—metal secals, pierced

separators, weak welds, and shorts across ceramic insulators.” Of

the eighteen cells (reference Tablé; 2, 4 and 6) which failed during .

the report-period, four (4) would not accept a charge and six (6)
had a terminal voltage below 1.0 volt at the-end of a 120-hour
vpen ¢ircuit stand test following & Iélhour'charge at a C/2 rate.,

. Of the ggmg}ning-eight‘(SS cells which‘ha§;120-hout»opeﬁ-c£rén{t-

-,

stand test voltages ranging from i;OB to 1,30 volts, :hree-were'_ '

. removed from test ?ith_a group failure.

.. - a
- .
= — at
- - . .
- . i
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R S gl 8 W

v -

R, o et



l. Test Results - (Gould-National Cells)

A summary of the test results on the Gould-Nationsl cells
to the end of the report period i8 shown in TABLE 1.

No additional group failures, as defined above, occurred
during the report period, however, four (4) individual cell
failures occurred in the'cell group cycling with a 10% deptﬁ
of discharge at 25°C. The number of life-cyclés-to-failuré ‘
and post-failure test data for these four cells are shown in
TABLE 2. The end-of-discharge voltage of Cells No. 10 and 22
fell to 0.1 volt dusing cycling and the end-of-discharge .of
Cells No. 12 and 15 fell to 0.8 volt. The post-failure open-

‘ tircuit stand voltages given in TABLE 2 are those following
a 16-hour charge at a C/10 rate after removal of tie cells
from the c;cling regime at the end of the éischarge period.
| The end-of-charge and end-of~discharge voltages for eacb
group wefe-continuously monitérn@ with the results being re- |
corded per: :Jically throughout the cycle-life tests. These
_'resnlﬁs along with the end-;f-charge and diachﬁrge voitagg!
for individual cells selected ;t_randomffrom the-grégpq';¥e
préséﬁted iﬁ Appéndix.l, Pigutpc.l thrbugh 5 and 6-thropgh i@
respegti&ely.n Figures 14 through 21 th&w;che"eutife éﬁarge-
o - discha;ge voltage medluremenéa for repretant;tiy; cyéiet;cf -

v - _ the cells selected from each gfpﬁp.

- v - . - - N N - Y - .-
- - - - - - - - - ~ . ~ - o L Casie _ LTl
Wi ke am AR 2 ARSI DN o e Ba o - B e TS = S IATR. - it SR ns el . M R Y WWM =
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1. crmu A4B1 5 cells

TABLE 1 - Summary of Results - Gould KNational Cells

CELL SIZE: 3.5 A.H.

NO. OF CELLS STARTED IN TEST

1. Initial Tests: 50
2. Cycle~Life Tests: 40

NO. OF CELLS FAILED IN TEST

1. Initial Tests - 25 .
2. Cycle-Life Tests - 17 plus 12 cells stopped with group failure
(27.5% of original cells remain on cycle-life) :

TYPES OF FAILURES

1. Initial Tests

a. Electrolyte Leakage: 25 cells (50% of cells testéd)
b. Electrical Leakage: - 2 cells (4% of cells tested) -

2. 'Cycle-Life Tests

a. Open-ckt.: None
b. Shorts (Direct): 5 cells (12.5% of total cells cycled)
" Shorts (Capacity Loss on Open-Circuit Stard): 10 Cells
(25% of total
o cells cycled) .
c. Excessive Leakage (Dried Out): 2 cells (5% of total cells
: ’ . cycled)

¢
NO. OF CYCLES COMPLETED

1.- Group A (10% Disch. at -10°C): 12 ,400 cycles - Still cycling
- (No cell failures) -

2.. Group B (10% Disch. at 25°C): 14,000 cycles - Still cycling

: ‘ (& ‘cell failures)

3. Group C (102 Disch. at 50°C): - 3576 cyclea « Group Failure _f

4, Group D (25% Disch. at 25°C): -5110 cycles - Group Failu.

5. = Group E (40% Disch. at 25'0): 1282 cycles - Group Failure

' PAT 8 x-r OF cm.z-:.mx

2. Groups B, C&D: 10 cell:

v
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2. Test Results (Gulton Cells)

A summary of the test results on the Gulton celld to the

end of the report period is listed in TABLE 3.

Two cell failures, one each in Group C cycling with 10%
depth of discharge at 50°C and Group D cycling with ZSi depth
of discharge at_ZS'C, occurred during the report period. The
number of life-cycles compléted and post-failure test dat;

for these two cells are summarized in TABIE 4.

The discharge voltage of Cells Mo. 602 and 818 during

cycting fell to 0.0l volt and 0.6 volt, reépectively. The

post-failure open-circuit stand voltages given in TABLE 4 were

measured after a 16-hour charge at a C/10 rate. The poet;

failure capacity determinations were made with a C/2 discharge
rate immediately following another 16-hour charge at: a C/10

rate éftgr the .120-hour open-circuit stand test.

The average end-of-charge and end-of-diachérgeﬂvolgages;
for each group and end-of-charge snd discharge voltsges for
fndividual cells selected at random are presented in APPENDIX

iI, Figures 22 thrcough 25 and 26 ;hrbugh 33, respecéi?ely.

Figures 34 through 41 show the chnrge-discbarge_voitagg chaz-

acteristics for representative cycles of qella~ae1ecfed4ffon
esch group.
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TABLE 3 - Summary of Results - Gulton Cells

CELL SIZE: 6 A-H

NO. OF CELLS STARTED IN TEST

1. Initial Tests: 50
2. Cycle-Life Tests: 40

NO. OF CELLS FAILED IN TEST

1. Initial Tests: 7
2. Cycle-Life Tests: 10 (757 of original cells remain on cycle-~
life) -

TYPES OF FAILURES

1. Initial Tests

a. Electrolyte Leakage: 35 Cells (107% of cells tested)
b.  Electrical Leakage: 2 Cells (4% of cells tested)

2. Cyclie-Life Tests : .

a. Open-ckt.:- None .
b. Shorts (Direct): 6 Cells (15% of total cells cycled) .
‘Shorts (Capacity Loss on Open-Circuit Stand): 4 Cells
. o (10% of total
cells cycled)

NO. OF CYCLES COMPLETED

1. Group & (10% Disch. at -10°C): 13,500 cycies - 8$till cycling

) - (No cell failures)
2. Group B (10% Disch. at 25°C): 14,000 cycles -~ Still cycling

_ : ' (2 cell failures)
3. Group C (10% Disch. at 50°C): 13,800 cycles - Still cyc‘ing
' : " (4 cell faflures)

4, Group D (25% Disch. at 25°C): 13,700 cycles - Still cycling :
' ) : : (& cell failures) - ‘

NO. OF CELLS IN GROUP. AT START OF CYCLE-LIFE

1.  A11 4 Groups:. 10 cells
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3. Test Results (Sonotone Cells)

A sunmary of the test results on the Sonotcne cells to
the end of the report is shown in TABLE 5.

Sénotone Group D cycling with.a 25% depth of discharge
at 25°C failed during the report period. Also, the first three
cell failures in the.group cycling with a 10% depth of dis-
charge at 25°C occurred near the end of the report period.
The number of cycles ~nmpleted and post-failure test data for
these celis are sgmmatized in TABLE 6. End-of-disch rge volt-
ages for these cells at failure ranged from 0.1 volt to 0.82'.
volt. The open-circuit stand voltages were measured after a
16-hour chaige &t a C/10 rate and the post failure capacities
were determined with 5_0)2 discharge'rateffollow;ng another
16-hour chafge at a C/10 rate after the dpeﬁ-circuit stand |
test,

The average gnd-ofochargé_and discharge volgéges for each
group ané end-of-charge and discharge voltages for individﬁQI
:celis seleé#ed'at random are presented in APPENDIX III,
FPigures 42 through 46 and‘47 through-5§, respectively, . Pigures

56 through 64 show the chargeédiichatze_voltsge characteristics

for"repteceﬁzative'cgcieq of cells selected from thg,groups.




TABLY. 5 - Summary of Results -~ Sonotone Cells

ELL SIZE: 3.5 A.H.

(2}
N

NO. OF CELLS STARTED IN TEST

. Initial Tests: 50 Cells
Cycle-Life Tests: 44 Cells

N
»

NO. OF CELLS FAILED IN TEST

1. Initial Tests: 6
2, Cycle-Life Tests: 15 plus 12 cells stopped at group failure
{(39% of original ceils remain on cycle-life)

TYPES OF FAILURES

1. Initial Tests

g a. Electrolyte Leakage: 4 Cells (8% of cells tested) _
& b, Eiectr;cal Leakage: 2 Cells (47 of cells tested) - : K

-' 2. Cycle*Life Tests:

a. Open-ckt.: None : N
b. Shorts (Direct): 9 Cells (202 of total cells cycledy ..
“Shorts (Capacity Loss on Open-Ckt. Stand): 6 Cells (14% of

e _ ' . total cella

cvcled)
NG. OF CYCLES COMPLETED

2. -

1. Group A (10% Disch, at -1€°C): 13,500 cycles - Still éycling
' ] - ~ (No cell failures)
2., Group B (10% Pisch. at 25°C):s 14,000 cycles - 8till’ Sycling

| S 7 (3 cell failures) LT
3. Group C (10% Disch: at 50°C): 5,545 cycles - Group Pailure = . . . .
4, Group D (25% Disch, at 25°C)1 12 592 cycles - Group Fatlure - = ~°

s
s e

NO. 0P CELLS IN GROUF AT STARY OF CYCLE-LEFE .

5. Group E (40% Disch. at 25°C): 6, 146 cycles - Grcup l'ailur« . =

i. erpo'A, B, C L;!d n'é 10 cells : ST
2, 'Group Et 4 Cells o

s’ b, w50 Rl g B
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III. NEW TECHNOLOGY

(Data for this section is not applicable)
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IV. PROCRAM FOR NEXT REPORTING INTERVAL
Continuation of the cycle-life tests on groups still cycling
is planned for the next reporting interval. Also, completion of
internal inspection and analvsgis of cells which have failed is

planned for the next reporting interval.
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V.

COLCLUSIOIS

At the end of this reporting periud slightly more than one-
half of the original cells started on the cycle-life test have
failed through individual cell failures and group failures. Approx-
imitely three-fourths of the cells of cne manufacturer have failed
in the cycle-life tests.

The significance of the temperature envir~nment on the cycle-
life of the cells is indicated by the following data; after com-
pietion of morc than 30-months of cycling with 10% depth of dis-
charge, all of the original cells in the cycle tests at the -10°C
temperatu: e environzent are still cycling, 70% of the original
cells at 23°C are still cycling, and only 20% of the original cells
at 50°C are still cycling.

“he significance.of the depth of discharge on the cycle-life
of the cells at 25°C is also indicated by the test results since
a1l cells cycled with 40% diecharge have failed, 807 cycled with
25% discharge have failed and 30% cycled with 107 discharge have
failed to date.

Yo cell failures have occurred as a result of an open-circuit.
Approximately one-half of the cell failures resulted from direct
shorts (such as corrosion across insulating seals and pierced separ-

atorsg) and the cells would not accept a re-charge after failure,

or the terminal voltage dropped to zero during ar open circuit stand

;ést._ Approximately another one-third of the failed cells had
shorts sufficient to cause a voltage decrease to less than 1.0 volt " .

on an open circuit stand (120 hrs.) following a re;chatge.

15
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APPERDIX 1

(Voltage Characteristics - Gould-National Cells)
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APPENDIX II

(Voltage Characteristics - Gulton Cells)
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APPENDIX III

(Voltage Characteristics - Sonotone Cells)
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